The present study intended to evaluate the effects of early introduction of inert diet in 15 lipid digestibility and metabolism of sole, while larval feed intake, growth and survival 16 were also monitored. Solea senegalensis larvae were reared on a standard live feed 17 regime (ST) and co-feeding regime with inert diet (Art R). Trials using sole larvae fed 18 with Artemia enriched with two different lipid emulsions, containing glycerol tri [1-14 C] 19 oleate (TAG) and L-3-phosphatidylcholine-1,2-di-[1-
C-phosphatidylcholine). Sole larvae were allowed to feed on the radiolabeled Artemia 170 during 30 min. This period is a trade-off between the time necessary for a complete 171 meal size and to avoid significant losses by larvae catabolism. After that time, 15 larvae 172 from each treatment presenting food in their stomachs (assessed visually) were carefully 173 transferred, one by one with an inverted Pasteur pipette, through two tanks with clean 174 seawater (to eliminate any 14 C-lipid that could be present in the surface of the fish), and 175 8 subsequently transferred to individual incubation vials. After 2 h, each larva in the 176 incubation vial was fed non labeled Artemia in the same concentration normally offered 177 in the rearing tanks. This feeding of radiolabeled Artemia followed by feeding with non 178 labeled Artemia characterizes a cold chase-type trial (Conceição et al., 2007a) . During 179 the course of the trials, mortality was negligible -2 dead larvae in ST PL; 1 dead larvae 180 in ArtR TG and 1 dead in ArtR PL treatments, in the first trial (9 DAH), and no 181 mortality was recorded during the second trial (16 DAH). 182 183
Determination of radiolabeling 184
The method employed allows following the metabolic fate of a tracer nutrient into 185 different compartments of individual larvae: retention in body (larvae), catabolism (CO 2 186 trap) and evacuation (incubation water) (Rønnestad et al., 2001 ). The metabolic 187 chambers (7.5 mL of seawater) were connected to a metabolic trap (5.0 mL of KOH 0. where R body is the total radioactivity in fish body (DPM), R CO2 trap is the total 217 radioactivity per CO 2 trap (DPM), and R water is the total radioactivity in the incubation 218 seawater (DPM). 219 220
Statistical analysis 221
The data obtained for each treatment were compared through one-way (growth and 222 survival) or two-way (distribution of label in each compartment in metabolic trials) 223 analysis of variance (ANOVA), using the software Statistica 6 (StatSoft Inc., Tulsa, 224 USA). For two-way ANOVA, the combined effects of the factors "feeding regime" (ST 225 or Art R) and "lipid source" (TAG or PL) were tested. The assumption of homogeneity 226 of variance was checked using the Bartlett's test and a significance level of 0.05 was 227 employed (Zar, 1996) . Data from the labeled Artemia feeding trial (percentage of counts 228 found in each compartment) and all other percentage data were arcsin(x 1/2 ) transformed. 229 When significant differences were found in one way and two way ANOVA, the Tukey's 230 test and Newman Keuls test was performed, respectively. All data are given as mean 231 values with standard deviations (SD). 232 233
Results 234

Larval growth and survival 235
The initial DW of sole larvae was 42.68 ± 13.91 µg for all treatments. No significant 236 differences were observed in sole survival between the two feeding regimes (ST 59.1 ± 237 15.9 %; Art R 69.6 ± 9.3 %) at 16 DAH, but the final mean DW was significantly 238 higher in larvae fed live feed alone (ST treatment) at this time (Fig. 1b) . However, this 239 difference in DW was still not significant at 8 DAH (Fig. 1a) . 240 
Feed Intake 243
The handling to transfer the larvae with the Pasteur pipette was a methodology 244 that has been previously used in other study (Engrola et al., 2009b) , in which it was 245 observed that the larvae were actively feeding on Artemia in the incubation vials and, 246 therefore, it is believed that this factor did not affect the results, regarding the stress 247 caused to larvae. 248
Artemia labeling with emulsions containing either 14 C-TAG or 14 C-PL resulted in 249
average DPM values of 78.6 ± 7.5 DPM/Artemia and 37.9 ± 2.9 DPM/Artemia for TAG 250 11 and PL labeling, respectively, at the 9 DAH metabolic trial; and 65.8 ± 1.8 and 54.8 ± 251 4.9 DPM/Artemia for TAG and PL labeling, respectively, at 17 DAH. 252
At 9 DAH, sole fed Artemia enriched with PL (standard -ST -and co-feeding -Art 253 R) presented a significantly higher feed intake compared to those fed TAG-enriched 254
Artemia (P <0.001), while no significant differences were observed between the two 255 feeding regimes. The number of Artemia consumed per sole larvae at 9 DAH was ST -256 TAG 9.1 ± 2.3; ST -PL 23.8 ± 6.7; Art R -TAG 11.6 ± 4.1; Art R -PL 19.2 ± 6.9. 257
Considering that there were no differences in the DW of the larva at this age, the 258 percentage of ingested Artemia weight in relation to the sole larva weight was 259 significantly higher in the treatments fed 14 C -PL labeled Artemia (Fig. 2a) . 260
Towards the end of the experiment (17 DAH), larvae from the ST and Art R 261 treatments consumed the same amount of labeled Artemia, independently of the type of 262 lipid emulsion used to label them: ST -TAG 40.9 ± 16.2; ST -PL 41.8 ± 10.5; Art R -263 TAG 43.7 ± 10.8; Art R -PL 42.1 ± 7.5 Artemia/sole larvae. Nevertheless, at 17 DAH 264 the DW of larvae reared on the standard live feed regime (ST) was higher than that on 265
Art R (Fig.1b) , which means that the smallest larva (Art R) ingested proportionally 266 more Artemia in weight percentage (P < 0.001) than the sole fed live feed alone (ST 267 group) (Fig. 2b) . At this time, no significant different were observed between treatments 268 fed Artemia enriched with either PL or TAG. 269 There were no significant differences in Artemia digestibility among treatments at 9 273 DAH (Fig. 3a) . At 17 DAH, however, sole from ST treatment fed with Artemia 274 enriched with TAG had significantly higher lipid digestibility (88.7%) (P < 0.001 275 12 "feeding regime" and P < 0.05 for "lipid source"). Sole from Art R treatment fed PL 276
Artemia had the lowest lipid digestibility, 66.0% (Fig. 3b) . 277
Figure 3 278
Sole larvae at 9 DAH presented significantly higher label retention (% of label 279 absorbed) in the co-feeding treatments (Art R) (P < 0.05) and no statistical differences 280 were found for "lipid source" (P > 0.07; Fig. 4a 
Early co-feeding strategy affects lipid digestive capacity of larval sole 383
The higher Artemia intake when the enrichment with PL was used at 9 DAH in both ST 384 and Art R treatments was not translated into statistical differences in digestibility. At 385 this age, sole larvae seem to have a high digestive capacity to deal with lipid in live 386 preys (up to 90% digestibility), independently of their feeding regime and of the source 387 of lipid used to enrich Artemia. Therefore, sole early larvae seem to have better 388 digestive capacity for lipids compared to protein since protein digestibility in 8 DAH 389
sole was found to be 72.4% on a standard feeding regime and 70.4% on a co-feeding 390 regime (Engrola et al., 2009b) , and 83% at 12 DAH (Morais et al., 2004a) . 391
At 17 DAH a significantly lower lipid digestibility was measured in the Art R 392 treatment compared to the ST treatment and also in relation to 9 DAH. Sole larvae co-393 fed with inert diet from mouth opening have also a reduced protein digestibility during 394 metamorphosis climax (16 DAH), compared to younger and older ages (Engrola et al. 395
2008). In fact, the metamorphosis climax is a critical developmental stage for sole 396 larvae, and early adaptation to inert diets, in particular, seems to have a toll in terms of 397 digestive efficiency. At this stage, growth, ingestion rates and oxygen consumption 398 have been shown to decrease (Parra, 1998). The higher Artemia lipid digestibility in 399
